Introduction
============

Abnormalities in calcium, phosphorous, and parathyroid hormone (PTH), hallmarks of the condition known as chronic kidney disease -- mineral and bone disorder (CKD-MBD),[@b1-ijnrd-11-069] are associated with adverse outcomes in patients receiving maintenance dialysis.[@b2-ijnrd-11-069]--[@b4-ijnrd-11-069] In patients with advanced chronic kidney disease (CKD), development of secondary hyperparathyroidism (SHPT) contributes to CKD-MBD[@b5-ijnrd-11-069] and results in derangements of circulating markers of mineral metabolism and in dysregulation of skeletal and cardiovascular physiology.[@b6-ijnrd-11-069]--[@b8-ijnrd-11-069] Epidemiologic studies of dialysis patients provide substantial evidence that elevated PTH is associated with mortality.[@b3-ijnrd-11-069],[@b4-ijnrd-11-069] However, therapies targeting abnormal CKD-MBD parameters, while improving biochemical end points,[@b9-ijnrd-11-069] have failed to convincingly demonstrate reductions in "hard" end points such as all-cause and cardiovascular mortality in clinical trials.[@b10-ijnrd-11-069] Thus, SHPT management currently centers chiefly on therapies targeting serum phosphate reduction through dietary phosphate restriction and oral phosphate binders and control of PTH via vitamin D analogs and calcimimetics.[@b11-ijnrd-11-069]

Vitamin D analogs such as paricalcitol and doxercalciferol, longtime cornerstones of SHPT therapy, effectively reduce PTH in most patients with SHPT but often result in elevated calcium and phosphorous levels,[@b12-ijnrd-11-069] a serious impediment to their use. Additionally, vitamin D analogs elevate circulating levels of FGF-23,[@b13-ijnrd-11-069] a marker associated with increased mortality in epidemiologic studies.[@b14-ijnrd-11-069] Dissatisfaction with traditional treatment options prompted exploration of a novel mechanism for SHPT treatment that targeted the calcium-sensing receptor (CaSR). These efforts culminated in the introduction of cinacalcet, an orally administered allosteric modulator of the CaSR, in 2004. Cinacalcet was met with initial enthusiasm by the nephrology community.[@b15-ijnrd-11-069] However, for a variety of reasons that remain only partially understood, it was not deployed as long-term maintenance therapy to the hoped for or expected degree.

To improve the management of SHPT, development of an intravenously (IV) administered calcimimetic was undertaken. An IV calcimimetic was hypothesized to have the potential to overcome two major barriers to cinacalcet use, namely, nonadherence and gastrointestinal side effects. Developed over the past decade, etelcalcetide is an IV agent administered via the dialysis circuit during the hemodialysis treatment session. Later, we discuss the development of calcimimetics in general and etelcalcetide in particular, evidence for etelcalcetide's utility and safety concerns related to it, and potential clinical scenarios for etelcalcetide use in the treatment of SHPT in patients receiving maintenance hemodialysis.

History of calcimimetics
========================

Cinacalcet, a first-in-class allosteric modulator of the CaSR, proved very effective at reducing PTH levels in clinical trials.[@b9-ijnrd-11-069] In addition, its use, relative to use of vitamin D analogs, was associated with reduced circulating phosphate levels and, in later analyses, of FGF23.[@b13-ijnrd-11-069] Approved for use in the US in 2004, cinacalcet was quickly and widely adopted in practice. One US cohort study reported 10% prevalence of use within 6 months of drug approval, rising to 32% within 2 years.[@b15-ijnrd-11-069] Not surprisingly, use patterns have subsequently varied over time, related to varying worldwide practice patterns and to differences in guidelines and recommendations for PTH control.[@b16-ijnrd-11-069]

Whether cinacalcet might be associated with a mortality benefit was tested in the most ambitious clinical trial ever undertaken in nephrology. The Evaluation of Cinacalcet Hydrochloride Therapy to Lower Cardiovascular Events (EVOLVE) trial enrolled \~3900 patients to ascertain whether, compared with placebo, cinacalcet would reduce deaths plus nonfatal cardiovascular events in patients receiving maintenance dialysis. In this event-driven trial of \>5 years duration, cinacalcet was not associated with a reduction in the primary end point (*P* = 0.11).[@b10-ijnrd-11-069] However, a range of additional prespecified analyses, including multivariable-adjusted, as-treated, lag-censored, and inverse probability-of-censoring-weighted analyses, suggested benefit. This discordance in findings led to robust debate in the nephrology community as to whether cinacalcet can truly confer morbidity and mortality benefits to patients when used in real-world scenarios.[@b17-ijnrd-11-069],[@b18-ijnrd-11-069]

Even in the absence of a mortality benefit, cinacalcet was hypothesized to have a role as a "parathyroidectomy (PTX)-sparing therapy". Initially, "ecological" evidence suggested that introduction of cinacalcet was associated with lower PTX rates,[@b19-ijnrd-11-069] a finding that presaged a key secondary end point from EVOLVE, namely, that use of cinacalcet significantly reduced the likelihood of PTX. However, because cinacalcet is associated with hypocalcemia (an effect widely anticipated based on early clinical trial results) and with gastrointestinal side effects (chiefly nausea and vomiting), consistent exposure has proved challenging in clinical practice, limiting its effectiveness. This is the case not only in real-world settings but also in the EVOLVE trial itself, in which 62.0% of patients randomized to cinacalcet discontinued the drug during the study. This lack of consistent exposure among many cinacalcet-treated patients, along with liberalization of the PTH goal range suggested by Kidney Disease: Improving Global Outcomes (KDIGO) in 2009,[@b1-ijnrd-11-069] may explain why PTX rates have not declined in recent years in many countries, including the US.[@b20-ijnrd-11-069] A notable exception is Japan, which has experienced a sustained decline in PTX rates.[@b21-ijnrd-11-069] Given that PTX is often associated with suboptimal short-term outcomes,[@b22-ijnrd-11-069],[@b23-ijnrd-11-069] whether new-generation calcimimetics can be used as PTX-sparing therapy is an important question.

Molecular actions and pharmacokinetics of etelcalcetide
=======================================================

While both cinacalcet and etelcalcetide affect the CaSR, they differ in structure, molecular interactions on the CaSR, mode of delivery, half-life, and potential for drug interactions via the cytochrome P450 system. Etelcalcetide, an agonist of the human CaSR, is a novel synthetic peptide consisting of only eight amino acids. It comprises a main chain of seven linea [d]{.smallcaps}-amino acids with a side-chain of cysteine residue, linked via a disulfide bond, in the [l]{.smallcaps}-configuration. It has a molecular weight of \~1048 Da and is positively charged at pH 7.4.[@b24-ijnrd-11-069] A [d]{.smallcaps}-amino acid property is that they are more resistant to proteolytic degradation and less likely to generate an immune response (i.e., antibodies) than [l]{.smallcaps}-amino acids.[@b25-ijnrd-11-069] As there are relatively few [d]{.smallcaps}-amino acid-based pharmaceutical compounds, attaining full understanding of the pharmacodynamics and pharmacokinetics of this molecule during development and testing was especially important.

The interaction site of etelcalcetide with the human CaSR was elucidated by studying the differential effects of the peptide in various mammalian systems. Like all G-protein-coupled receptors, the CaSR contains extracellular, transmembrane, and intracellular domains. The extracellular domain comprises two subdomains, a Venus flytrap domain and a carboxy-terminal cysteine-rich domain.[@b26-ijnrd-11-069] The sequence of the former domain differs by species; pigs have a tyrosine residue at position 482, while human beings and several other mammalian species have cysteine.[@b27-ijnrd-11-069] Lack of pharmacodynamic activity in pigs permitted Alexander et al[@b27-ijnrd-11-069] to demonstrate that covalent disulfide bond formation between the cysteine at position 482 on the human CaSR and the cysteine residue from etelcalcetide are critical to pharmacological activity of the peptide. Stimulation of the CaSR by etelcalcetide requires cysteines in both the agonist peptide and the CaSR, and the extent of the interaction correlates with activity.

As a novel predominately [d]{.smallcaps}-amino acid molecule, etelcalcetide required extensive study regarding its metabolism and disposition in vivo. After a single IV administration, etelcalcetide appears to be rapidly distributed. It is biotransformed via disulfide exchange of the [l]{.smallcaps}-cysteine with circulating thiols, including serum albumin.[@b28-ijnrd-11-069] Notably, there appears to be little to no risk for P450- or transporter-mediated drug interactions. In human beings with intact renal function, disposition is predominately via renal elimination.[@b24-ijnrd-11-069] In human beings without renal function, disposition and elimination were tested with C-14-radiolabeled etelcalcetide. After a single dose, thrice-weekly hemodialysis was estimated to account for \~60% of elimination, nonspecific elimination to account for 30%, gastrointestinal tract to account for 6%, and urine to account for \<3%.[@b29-ijnrd-11-069] Relatively rapid removal by hemodialysis therefore necessitates administration at the end of the hemodialysis treatment session.[@b30-ijnrd-11-069]

Nonclinical safety data via multiple techniques failed to demonstrate any significant safety signals, with no apparent evidence of mutagenicity or genotoxicity. While preexisting and developing etelcalcetide antibodies can be detected, no apparent clinical consequences have been shown.[@b31-ijnrd-11-069] The only adverse effects seen in animal studies involved effects and sequelae of hypocalcemia.

Preclinical studies of etelcalcetide
====================================

In nonhuman in vivo studies, etelcalcetide was shown to inhibit PTH secretion in animals with intact kidney function and with CKD, such as the rat 5/6th nephrectomy model.[@b32-ijnrd-11-069] Further animal studies in uremic rats revealed affects beyond reduced PTH levels, including attenuated parathyroid gland hyperplasia, reduced vascular calcification, and increased expression of receptors for FGF23 and vitamin D,[@b33-ijnrd-11-069] suggesting that etelcalcetide could treat SHPT-related laboratory abnormalities and might conceivably alter the natural history of CKD-MBD.

Phase I and II studies of etelcalcetide
=======================================

The original Phase I study of etelcalcetide involved 32 healthy participants randomized to a single dose of 0.5, 2, 5, or 10 mg.[@b34-ijnrd-11-069] The pharmacokinetics of etelcalcetide demonstrated what is known as an open three-compartment model with first-order elimination. The large volume of distribution (\>790 L, according to the US Food and Drug Administration \[FDA\]-approved package insert) suggests potential peripheral distribution and apparent reversible binding. Etelcalcetide's half-life in these healthy participants was \~20.5 hours.

Following single-dose administration, effects of etelcalcetide demonstrated an acute PTH reduction within 10 minutes, a nadir by 1 hour, and a return toward baseline by 24 hours.[@b35-ijnrd-11-069] Decreases in calcium were dose dependent and lagged behind changes in PTH by several hours, reaching a nadir 10--15 hours after infusion. An additional effect in this healthy cohort included a substantial (\>30%) reduction in FGF23 levels at the highest dose tested (10 mg).[@b35-ijnrd-11-069]

An early single-dose clinical study involving participants receiving hemodialysis broadly confirmed observations in animal studies, namely, a dose-dependent reduction in PTH and calcium and, to a lesser degree, FGF23. In contrast to cinacalcet, etelcalcetide demonstrated prolonged suppression of PTH.[@b36-ijnrd-11-069] Similar results were demonstrated in a Phase I hemodialysis cohort from Japan, in which PTH suppression was also shown to be sustained during the interdialytic period when using multiple doses.[@b37-ijnrd-11-069]

Phase II studies further demonstrated the safety and efficacy of etelcalcetide.[@b38-ijnrd-11-069],[@b39-ijnrd-11-069] For example, Bushinsky et al conducted a 12-week dose-titration efficacy study followed by an open-label extension for safety in 37 participants on hemodialysis. Etelcalcetide was administered IV thrice weekly starting at a 5 mg dose and titrated based on PTH and albumin-corrected serum calcium levels to target a relatively narrow PTH range of 150--300 pg/mL. The mean decrease in PTH was 53.6%, with 89.0% of participants achieving a 30% or greater reduction from baseline. Overall, etelcalcetide was characterized as being well tolerated.[@b39-ijnrd-11-069] Broadly, similar findings were reported by Bell et al,[@b38-ijnrd-11-069] who tested 5 or 10 mg doses against placebo for 2--4 weeks; 90% of participants with PTH \<600 pg/mL achieved a 30% or greater reduction in PTH, as did 64% of participants with PTH ≥600 pg/mL.

Conceptually, similar Phase II trials were conducted in Japanese hemodialysis patients.[@b37-ijnrd-11-069],[@b40-ijnrd-11-069] In a 12-week dose-titration trial, etelcalcetide was initially dosed at 5 mg and then titrated every 4 weeks to 10 or 15 mg. Importantly, with different guidelines for treating CKD-MBD and a PTH goal different from that endorsed by KDIGO, the parameters of this Japanese study differed relative to studies conducted in the US; the baseline PTH at initiation was only 538 ± 188 pg/mL, and doses were increased when PTH exceeded 240 pg/mL. However, a robust decrease in PTH of 65.9% was again demonstrated compared with baseline. Additional findings by the end of the treatment period included a dose-dependent decrease in calcium of 13.8%, a 23.5% mean decrease in phosphorus, and a 14.4% mean decrease in FGF23 levels. Adverse events were common but were typically mild or moderate; 16.7% of patients experienced decreased calcium and 12.5% of patients experienced vomiting.

Phase III trials of etelcalcetide
=================================

Results of two nearly identical Phase III, multinational, randomized clinical trials, referred to as trials A and B, were recently published in a single report.[@b41-ijnrd-11-069] Both trials tested the effects of etelcalcetide versus placebo in patients with SHPT undergoing maintenance hemodialysis. Consistent with other trials,[@b42-ijnrd-11-069] the primary end point was a 30% or greater reduction in PTH levels. The trials enrolled 1013 participants with PTH \>400 pg/mL, stable doses of SHPT-related medications, and an albumin-corrected serum calcium level of ≥8.3 mg/dL; cinacalcet use was prohibited for 4 weeks preceding and during the study period. Patients were randomized to receive standard-of-care therapy alone (phosphate binders and activated vitamin D therapy, namely, calcitriol or its analogs) or standard therapies plus etelcalcetide. Patients received thrice-weekly dosing of etelcalcetide, administered as each hemodialysis session concluded. The starting dose was 5 mg with dose titrations, based on PTH and albumin-corrected calcium values, in 2.5 or 5 mg increments at 4-week intervals; the maximum permitted dose was 15 mg. The trial consisted of a 20-week dose-titration phase followed by a 7-week efficacy assessment phase, during which PTH values were averaged and compared between arms. In addition to the aforementioned primary end point, secondary end points included the proportion of patients with a mean PTH value of ≥300 pg/mL and percentage reductions in levels of PTH, calcium, phosphorus, and calcium--phosphorus product. Additional exploratory end points included changes in FGF23 levels and in markers of bone turnover, namely, bone-specific alkaline phosphatase and collagen type 1 cross-linked C-telopeptide. Participants were stratified by the PTH level, cinacalcet use within 8 weeks of randomization, and geographic region.

The recruited participants appeared broadly similar to the general US hemodialysis population; mean age was 58.2 years and 60.4% were men, 66.5% were white, and 27.9% were black. Baseline PTH levels were well randomized, with mean levels in both arms in trials A and B ranging from 820 to 852 pg/mL. In the intention-to-treat analysis, results of trial A demonstrated a mean PTH decrease in etelcalcetide-treated participants from 849 to 384 pg/mL compared with an increase from 820 to 870 pg/mL in the placebo group. Of participants randomized to etelcalcetide, 74.0% achieved ≥30% reduction in PTH from baseline compared with only 8.3% in the placebo group (*P* \< 0.001 for the primary end point). Corresponding changes in PTH in trial B were 845--363 pg/mL in the treatment arm versus 852--960 pg/mL in the placebo arm; 75.3% participants in the treatment arm achieved ≥30% decrease in PTH compared to only 9.6% participants in the placebo arm (*P* \< 0.001). Achievement of the primary end point was observed across all patient subgroups. Regarding absolute reduction of PTH, 49.6% of treated participants, versus 5.1% of placebo participants, achieved a PTH level of \<300 pg/mL (*P* \< 0.001) in trial A; corresponding values were 53.3% and 4.6% (*P* \< 0.001) in trial B. Notably, median per-session etelcalcetide dose differed by trial; 7.1 mg for trial A and 5.0 mg for trial B.

While secondary end points regarding percentage changes in calcium, phosphorus, and calcium--phosphorus product were not reported in detail, a significant decrease in albumin-corrected calcium of \~0.6 mg/dL occurred in both trials. Reported separately, percentage changes in corrected calcium levels in etelcalcetide-treated participants were −6.7% and −7.2% in trials A and B, respectively, compared with 1.0% and 1.2% in placebo-treated participants.[@b43-ijnrd-11-069] Serum phosphate was generally reduced in etelcalcetide-treated participants during the course of the trials, although by the trial end, only modest differences in phosphate levels between the arms remained. Percentage changes from baseline of serum phosphate levels in etelcalcetide-treated participants were −9.6% and −7.7% in trials A and B, respectively, compared with −1.6% and −1.3% in placebo-treated participants.[@b43-ijnrd-11-069]

Considering results of Phase I and II trials, hypocalcemia was predicted, with implications for how the trials were conducted. While local PTH measurements were suspended during the study period, sites were not blinded to serum calcium values to ensure the safety of study participants. Hypocalcemia below 8.3 mg/dL occurred in 74.1% of etelcalcetide-treated participants in trial A and in 82.0% of etelcalcetide-treated participants in trial B compared with 17.4% and 21.3% of respective placebo-treated participants. Corrected calcium below 7.0 mg/dL occurred in 7.6% of etelcalcetide-treated participants in the combined trials compared with 3.1% of placebo-treated participants. Overt symptomatic hypocalcemia was reported in 7.0% of etelcalcetide-treated participants; the calcium-reducing effect occurred early after treatment initiation and reached a nadir at 10--12 weeks. Hypocalcemia treatment was permitted at the discretion of the treating physician. While use of calcium supplements or calcium-based oral phosphate binders did not appear to differ between arms at baseline, by the end of the trial, the proportion of either or both of these interventions was \~60% in etelcalcetide-treated participants in trial A but only \~40% in placebo-treated participants; corresponding values for trial B were \~70% and \~50%. While the percentages of etelcalcetide-treated participants using activated vitamin D therapies at baseline were slightly higher in both trials, differences in percentage use tended to widen as the trials progressed; percentages of etelcalcetide-treated participants using vitamin D analogs tended to increase in both trials, and percentages of placebo-treated participants tended to decrease (trial A) or remain stable (trial B).

A general shift toward higher dialysate calcium concentrations occurred over the course of the trials in etelcalcetide-treated participants but not in placebo-treated participants. At the end of trials A and B, respectively, 37.0% and 51.2% of etelcalcetide-treated participants were dialyzing on calcium baths \>2.5 mEq/L compared with only 22.8% and 29.0% of placebo-treated participants.

FGF23 levels decreased \~60% at weeks 12 and 27 in etelcalcetide-treated participants in both trials (with no major change in placebo-treated participants), but final levels were not statistically different between arms in either trial, possibly due to skew in the values. Additionally, markers of bone resorption decreased; serum alkaline phosphate levels in etelcalcetide-treated participants decreased 43.2% and 47.3% in trials A and B, respectively, compared with 12.1% and 9.7% in placebo-treated participants, while collagen type I cross-linked C-telopeptide levels in etelcalcetide-treated participants decreased 58.4% and 63.3%, versus 20% and 21.5%, in trials A and B, respectively.

Nonclinical safety data indicated no significant concerns for human risk beyond hypocalcemia and the associated prolonged QT interval.[@b44-ijnrd-11-069] However, the effect of etelcalcetide on the QT interval deserves particular scrutiny. The trials provided a rare and perhaps unprecedented opportunity to examine abnormalities of the QT interval in maintenance hemodialysis patients. Preintervention assessments provided information on the prevalence of QT abnormalities at baseline. Additionally, the phenomena of within- and between-patient variation in QT interval could be studied over time as placebo-treated participants progressed through the study, and the effect on QT intervals of a hypocalcemia-inducing drug could be studied by comparing participants randomized to etelcalcetide with those who were not. Electrocardiograms (ECGs) were rigorously performed, in triplicate, at four time points: baseline, twice during the dose-adjustment phase, and once during the efficacy assessment phase. The corrected QT (QTc) interval was assessed in two major ways.

At baseline, substantial QTc prolongation was present. Using the Bazett method (by far the most commonly used method in clinical practice), QTc was \>450--480 ms for \~25.0% of all participants, \>480--500 ms for 5.6% of participants, and \>500 ms for 2.7% of participants before randomization. Corresponding values using an alternative Fridericia method were 13.6%, 3.2%, and 0.8%, respectively. A large number of placebo-treated participants had at least one episode of prolonged QTc interval. Using the Bazett method, the maximum absolute post-baseline QTc interval of \>450--480 ms was observed in 33.1% of participants, \>480--500 ms was observed in 8.2% of participants, and \>500 ms was observed in 5.5% of participants. Corresponding values with the Fridericia method were lower, at 19.9%, 5.5%, and 2.1%, respectively, but still relatively high. Fully 8.0% of participants had a maximum increase (relative to baseline) of \>30 ms using the Bazett method.

These findings reflect how common prolonged QTc intervals are in maintenance dialysis patients and the apparent high degree of QTc variability in this population, raising doubts about the ability of a single ECG to provide clinically useful information about QT interval abnormalities over time in dialysis patients. Moreover, the effects of drug-induced hypocalcemia resulted in an increased degree and frequency of QT-interval abnormalities. In etelcalcetide-treated participants, an increase in the QTc using both methods was observed. A maximum post-baseline QTc interval of \>450--480 ms was observed in 36.0% of participants, a maximum of \>480--500 ms in 14.7% of participants, and a maximum of \>500 ms in 9.3% of participants using the Bazett method. A higher percentage of etelcalcetide-treated participants experienced a maximum increase in QTc from baseline; 19.5% of etelcalcetide-treated participants experienced an increase of \>30--60 ms compared with 8.0% of placebo-treated participants. Furthermore, 2.4% of participants experienced a \>60 ms increase compared with none of the placebo-treated participants. Overall, using the Bazett method, 60.0% of etelcalcetide-treated participants experienced a maximum post-baseline QTc \>450 ms (QTc \>450--480 ms in 36.0% of participants, \>480--500 ms in 14.7% of participants, and \>500 ms in 9.3% of participants).

Death rates were no different between arms in either trial. Death occurred in 2.8% of etelcalcetide-treated participants in trial A and 1.6% of etelcalcetide-treated participants in trial B and in 2.8% and 3.1%, respectively, of placebo-treated participants.

Given the well-established gastrointestinal side effects of cinacalcet, nausea, vomiting, and diarrhea as potential effects of etelcalcetide treatment were afforded particular scrutiny. The mechanism of gastrointestinal side effects (local in the gastrointestinal tract versus central in the nervous system) of cinacalcet is not fully understood, and it was hypothesized that etelcalcetide may be more readily tolerated, at least with regard to gastrointestinal side effects. Rates of these effects were consistently higher in etelcalcetide-treated participants; 10.7% of pooled participants reported nausea, 10.7% reported diarrhea, and 8.9% reported vomiting compared with 6.2%, 8.6%, and 5.1% of respective placebo-treated participants.

Another Phase III trial was conducted in a Japanese hemodialysis population.[@b45-ijnrd-11-069] Compared with the study by Block et al,[@b41-ijnrd-11-069] the Japanese study was smaller (155 participants) and shorter in duration (12 weeks). The primary end point was the proportion of patients who achieved a serum PTH of 60--240 pg/mL (the target range suggested by the Japanese Society for Dialysis Therapy guidelines),[@b46-ijnrd-11-069] and the proportion of patients with a \>30% reduction in PTH was the secondary end point. Etelcalcetide was initiated at 5 mg and adjusted in 4-week intervals to doses ranging from 2.5 to 15 mg. A baseline PTH of ≥300 pg/mL, an albumin-corrected calcium of ≥8.4 mg/dL, and a dialysate calcium of ≥2.25 mEq/L were required. As is characteristic of the prevalent Japanese hemodialysis population, participants had a relatively long dialysis duration (11.9 years). Mean PTH at baseline was 536 pg/mL.

The trial demonstrated clear superiority for the intervention; 59.0% of etelcalcetide-treated participants achieved the goal PTH compared with only 1.3% of placebo-treated participants. Regarding the secondary end point, 79.6% of etelcalcetide-treated participants experienced a \>30% reduction in PTH compared with 5.2% of placebo-treated participants. Sustained decreases of \~1.0 mg/dL in serum calcium and phosphate were observed during the study period. Drug-related adverse events occurred in 19.2% of the etelcalcetide-treated participants and in 3.9% of placebo-treated participants, with none reported as serious; asymptomatic hypocalcemia (6.4%), vomiting (3.8%), nausea (1.3%), and symptomatic hypocalcemia (1.3%) were reported only in etelcalcetide-treated participants. As in the prior Phase III trial, hypocalcemia-related increases in QTc intervals occurred but no clinically relevant cardiovascular adverse events.

Long-term effects of etelcalcetide in the Japanese dialysis population have been reported. In a multicenter, open-label study of 191 participants with baseline PTH of \>240 pg/mL, participants were administered thrice-weekly etelcalcetide with initial 5 mg doses titrated to between 2.5 and 15 mg to achieve PTH levels of 60--240 pg/mL. Mean administered etelcalcetide dose slowly declined during the 52-week trial, with a final mean dose of only \~5.5 mg. Starting from a mean baseline PTH of 473 pg/mL, fully 87.5% of participants achieved the goal after 52 weeks; mean PTH decreased to 157 pg/mL. Nausea was reported in 4.7% of participants, vomiting in 9.5% of participants, and symptomatic hypocalcemia in only 1.1% of participants. Overall, only 7.4% of participants discontinued the study due to adverse events.[@b47-ijnrd-11-069]

Clinical comparisons to cinacalcet
==================================

As noted, etelcalcetide cannot be accurately described as an IV form of cinacalcet, and a comparison between the agents is informative. In animal experiments using the 5/6th nephrectomy rat model of chronic uremia,[@b48-ijnrd-11-069] greater and more sustained reduction in PTH occurred among etelcalcetide-treated than among cinacalcet-treated animals over a 4-week period.

As might be predicted, this issue was tested in human beings, with a Phase III head-to-head trial undertaken to demonstrate non-inferiority of etelcalcetide.[@b41-ijnrd-11-069] Consistent with other trial designs, the primary end point was the proportion of participants with \>30% reduction from baseline in PTH during the efficacy assessment phase. The trial studied 683 participants with baseline predialysis PTH \>500 pg/mL and albumin-corrected serum calcium ≥8.3 mg/dL on stable doses of CKD-MBD-related agents (calcium supplements, phosphate binders, and calcitriol or active vitamin D analogs). Participants were randomized to etelcalcetide or cinacalcet and were stratified by region and by screening PTH level (\<900 versus ≥900 pg/mL). Participants randomized to etelcalcetide received a starting dose of 5 mg administered thrice weekly after hemodialysis and were titrated in increments of 2.5 or 5 mg up to 15 mg. Participants randomized to cinacalcet received an initial dose of 30 mg, with the dose titrated up to 180 mg. Doses in both arms were adjusted at 4-week intervals during the 20-week dose-titration phase; doses were withheld for consecutive levels of PTH \<100 pg/mL or calcium \<7.5 mg/dL, symptomatic hypocalcemia, or drug-related adverse events. Secondary end points included the proportion of participants with \>50% and \>30% reductions in PTH, mean weekly days of self-reported nausea and vomiting over the first 8 weeks, and effects on FGF23 and markers of bone turnover.

In this trial, mean age was \~55 years, and slightly over half of participants were men. Four in five participants were white and approximately one in six black. Approximately 44% were on dialysate calcium of ≥3.0 mg/dL. Overall, characteristics were generally well randomized; mean baseline PTH levels were 1092 pg/mL in etelcalcetide-treated participants and 1139 pg/mL in cinacalcet-treated participants. The median pretreatment doses were 5 mg for etelcalcetide and 51.4 mg daily for cinacalcet.

The primary end point occurred in 68.2% and 57.7% of etelcalcetide- and cinacalcet-treated participants, respectively, demonstrating non-inferiority for the novel agent. The proportion of participants with \>50% reduction in PTH from baseline was 12.2% higher in absolute terms in etelcalcetide-treated participants (52.2% versus 40.2%); similarly, the proportion of participants with \>30% reduction was 10.5% greater in absolute terms. Participants in both arms experienced co-interventions during the study period, including increased dialysate calcium and greater use of calcium supplements or calcium-containing phosphate binders and calcitriol or active vitamin D analogs; the proportion of etelcalcetide-treated participants who were prescribed these co-interventions was slightly higher. Of note, levels of FGF23 and markers of bone turnover were reduced more in etelcalcetide-treated participants than in cinacalcet-treated participants. At the end of the efficacy assessment phase, 74.4% of etelcalcetide-treated and 57.5% of cinacalcet-treated participants achieved \>30% reduction in FGF23 relative to baseline.

Death occurred in 2.7% (n = 9) of etelcalcetide-treated and in 1.8% (n = 6) of cinacalcet-treated participants; statistically not a significant difference. Perhaps unexpectedly, rates of self-reported nausea and vomiting did not differ significantly, with 0.4 mean adjusted weekly days among etelcalcetide-treated participants and 0.3 mean adjusted weekly days among cinacalcet-treated participants; however, assessment of these side effects occurred only during the first 8 weeks of the study. Overall, nausea and vomiting were common, with comparable percentages in the study arms; nausea occurred in 18.3% and 22.6% and vomiting in 13.3% and 13.8% of etelcalcetide-treated participants and cinacalcet-treated participants, respectively.

Clinical use of cinacalcet is associated with multiple potential side effects and complications. Tolerance is often limited by adverse effects such as nausea and vomiting, which may well have contributed to the high dropout rate of cinacalcet-treated patients in the EVOLVE trial. Some of these challenges contributing to suboptimal use of cinacalcet can be circumvented with adjustments in medication administration timing during the day and with meals.[@b49-ijnrd-11-069] Etelcalcetide may allow greater compliance, compared with cinacalcet, with acknowledgement of the high pill burden and potentially complex administration instructions. Widespread use and studies of tolerability in the real-world setting will help inform of changes in tolerability.

Implications of etelcalcetide use
=================================

As with any novel agent, many questions remain about the potential risks and benefits of etelcalcetide. Given the relatively frequent occurrence of hypocalcemia in its Phase III trials, close monitoring of calcium and ready availability of a hypocalcemia mitigation strategy are essential. During the randomized trials, treating physicians often prescribed higher calcium dialysate baths, increased doses of vitamin D analogs, and increased calcium supplementation, such as with calcium-based oral phosphate binder therapy. In addition, prudence is required for patients with known long QT intervals or those at risk of acquired QT prolongation from hypokalemia, hypomagnesemia, hypocalcemia, structural heart disease, or bradyarrhythmias. In addition, individuals taking QT-prolonging drugs, such as antiarrhythmics, antipsychotics, antimicrobials, antiemetics, or antimotility agents, are likely to be at particular risk, meaning that a careful review of a patient's medication list should be undertaken prior to etelcalcetide initiation. Although the Phase III trials of etelcalcetide demonstrated large degrees of QT variability in dialysis patients (with the implication that a single ECG reading is likely insufficient to determine risk of QT-interval-related arrhythmia), assessment of QT intervals before initiating etelcalcetide, and review of medications that may affect QT intervals may be appropriate strategies. This could impose a barrier on etelcalcetide prescription, as ECG machines are not readily available in many dialysis units, at least in the US. Whether this degree of caution is warranted, especially if it could deprive a patient of access to a potentially effective PTH-lowering drug, is unknown. To minimize risks in changing from oral to IV calcimimetic, cinacalcet should be discontinued for at least 7 days prior to initiation of etelcalcetide. Serum calcium should be sufficiently high to withstand a hypocalcemic challenge; in our view, a level of at least 8.3 mg/dL, as was used in the clinical trials, seems an appropriate starting point. As per the 2017 KDIGO CKD-MBD guidelines, mild and asymptomatic hypocalcemia can likely be tolerated in the setting of administration of calcimimetics,[@b11-ijnrd-11-069] provided the benefits of therapy are judged to outweigh the risks.

Regarding potential benefit, etelcalcetide may reduce PTH without the calcium and phosphate loading associated with use of activated vitamin D compounds. Given concerns about calcium loading in CKD and end-stage renal disease, whether etelcalcetide can modify the risk of vascular and soft tissue calcification remains to be seen. There is reason for optimism on this front; cinacalcet has been shown to attenuate vascular calcification,[@b50-ijnrd-11-069] and etelcalcetide, in a CKD rat model, prevented vascular calcification compared with placebo and paricalcitol.[@b51-ijnrd-11-069] Additional benefits of calci-mimetics include an association with reduced PTX, such as in the EVOLVE trial.[@b10-ijnrd-11-069] With the potential for a greater and more sustained reduction in PTH than cinacalcet provides, etelcalcetide, if used widely, might result in a reduction in the rate of PTX, although it seems unlikely that etelcalcetide will ever be the subject of a clinical trial akin to EVOLVE. At the same time, one potential risk with etelcalcetide use is a dramatic and sustained PTH lowering, which could lead to the induction of a dynamic bone disease. While this could, in theory, occur with use of any PTH-lowering therapy, these risks may possibly be greater with a potent PTH-lowering agent such as etelcalcetide.

One underappreciated area of investigation is quality of life (QoL), an important aspect to study whenever novel therapeutic interventions are undertaken. This is particularly important in the case of patients receiving maintenance hemodialysis, for whom the symptoms of both the disease and its treatment (hemodialysis) typically prove very burdensome. SHPT itself is associated with multiple systemic symptoms, notably musculoskeletal in nature, which can adversely affect QoL. As a clinical trial of PTX versus calcimimetics has never been performed, the opportunity to rigorously compare these therapeutic approaches for their effects on QoL has never been afforded. However, in uncontrolled studies, PTX has been associated with improved QoL relative to cinacalcet.[@b52-ijnrd-11-069] It will therefore be important to evaluate the role that etelcal-cetide might play in patients' self-assessed QoL as the drug becomes more widely used.

Proposed clinical scenarios for etelcalcetide initiation
========================================================

A proposed conceptual approach for initiation of etelcalcetide is given in [Tables 1](#t1-ijnrd-11-069){ref-type="table"} and [2](#t2-ijnrd-11-069){ref-type="table"}. Two parent scenarios are given, one in which the PTH level is frankly elevated (e.g., \>600 pg/mL) and the other in which the PTH level is within a commonly accepted goal range (e.g., 300--600 pg/mL).

Elevated PTH level
------------------

In all cases, the rationale for etelcalcetide initiation in the setting of hypocalcemia is poor. In the setting of PTH level \>600 pg/mL, normal phosphorus level, and hypercalcemia, etelcalcetide is an attractive option given the possibility that its use will reduce circulating calcium levels while assisting with PTH control. The setting in which all three circulating analytes are increased presents the strongest rationale for etelcalcetide use. When calcium is in the normal range but PTH and phosphorous are elevated, initiation of etelcalcetide might reduce circulating phosphorus levels, but special care must be taken given the possibility of hypocalcemia; if this occurs, co-interventions, such as increasing the dialysate bath calcium concentration, substituting calcium-containing oral phosphate binders for calcium-free ones, increasing doses of activated vitamin D compounds, or otherwise supplying exogenous calcium, are potential approaches. The setting of elevated PTH levels but normocalcemia and normophosphatemia presents at least two options; one involves increasing the dose of an activated vitamin D compound and initiating etelcalcetide if and when phosphorus levels rise, and the other involves initiating etelcalcetide in the absence of hyperphosphatemia (decreasing activated vitamin D dose if PTH decreases and normocalcemia is maintained or increasing activated vitamin D dose if calcium decreases into a potentially dangerous range).

"Controlled" PTH level
----------------------

As mentioned earlier, the rationale for etelcalcetide initiation in the setting of hypocalcemia is poor and likely ill-advised. Even in the setting of controlled PTH levels (e.g., 300--600 pg/mL), etelcalcetide initiation is a promising option when calcium levels are high, especially when coupled with hyperphosphatemia. In the setting of hyperphosphatemia and normocalcemia, reduction of activated vitamin D dose, coupled with etelcalcetide initiation if required, represents a strategy in which phosphorus levels may be reduced while PTH control is maintained. In normocalcemic patients, the possibility of etelcalcetide-induced hypocalcemia must be carefully monitored. In the setting of normocalcemia and normophosphatemia, etelcalcetide likely has a very limited role, perhaps confined to patients on extremely high doses of activated vitamin D (an uncommon setting).

Conclusion
==========

The availability of a second-generation calcimimetic, etelcalcetide, provides treating physicians with a novel agent that can potently reduce PTH levels. That it will be directly administered by hemodialysis personnel should address adherence concerns that characterize use of oral agents. Other potential, but as yet unproven, benefits of etelcalcetide, relative to activated vitamin D compounds, include reduction in vascular calcification and calcific uremic arteriolopathy (calciphylaxis), decreased risk of need for PTX, reduction in circulating levels of phosphorus and FGF23, and improvement in circulating markers of bone turnover relative to activated vitamin D-based approaches. However, given the partial disappointment associated with the EVOLVE trial,[@b18-ijnrd-11-069] the nephrology community may have to find solace in these improved surrogate end points, because a trial akin to EVOLVE is unlikely to be repeated with etelcalcetide.

Despite promising signals from the clinical trials, however, whether and how etelcalcetide will be used in real-world clinical scenarios is uncertain. Results to date suggest that etelcalcetide may be associated with levels of gastrointestinal adverse events similar to cinacalcet, which is likely to disappoint many practitioners. However, some initial anecdotal evidence appears to suggest that, in "real-world" clinical scenarios, etelcalcetide may have improved tolerability compared with clinical trial environments; more formal study of this issue is required. Perhaps the problem likely to require the most scrutiny concerns the role of etelcalcetide-induced hypocalcemia and its effect on QTc prolongation. Given the frequency of cardiac arrhythmias and persistently high rates of sudden cardiac death in dialysis patients,[@b53-ijnrd-11-069] etelcalcetide use in real-world clinical scenarios will require scrutiny by prescribers and, perhaps, more formally in postmarketing studies.

The availability of etelcalcetide expands the armamentarium through which nephrologists can treat SHPT and provides an exciting new option to treat PTH elevations. However, additional evidence concerning etelcalcetide's benefits and harms will doubtless appear as it becomes more widely used in clinical practice.

Key points
==========

1.  As demonstrated in large, rigorously conducted randomized clinical trials, etelcalcetide is an effective agent for reducing PTH, providing nephrologists with an alternative to vitamin D analogs and cinacalcet in maintenance hemodialysis patients with SHPT.

2.  Use of etelcalcetide is associated with decreased levels of phosphorous and FGF23 and with an apparently favorable profile regarding markers of bone metabolism.

3.  As an IV formulation administered directly into the hemodialysis circuit, etelcalcetide may overcome challenges to adherence that many practitioners observe with cinacalcet.

4.  Unfortunately, despite being an IV-administered agent with a long half-life, etelcalcetide was associated with substantial rates of adverse gastrointestinal events in clinical trials, which may be a threat to medication use and adherence.

5.  Hypocalcemia with etelcalcetide administration was relatively common, often leading to need for co-interventions such as increased calcium dialysate concentration, calcium-based oral phosphate binders, oral calcium supplementation, and dosing of vitamin D analogs.

6.  Prolonged QT intervals may occur with etelcalcetide administration. The clinical significance of this is unknown, but it must be carefully monitored by the treating physician. Serum calcium should be measured before and during treatment, and practitioners should be aware of potential effects of QT interval prolongation.

7.  The overall effect of etelcalcetide on calcium balance remains unknown, and co-interventions designed to counteract etelcalcetide-induced hypocalcemia may be required in many patients.

8.  The potential effects of etelcalcetide on intermediate (surrogate) end points, such as vascular calcification burden, bone phenotype, and fracture rates, are unknown, as are potential associations of etelcalcetide with improvements in all-cause or cardiovascular mortality or QoL.
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###### 

Proposed conceptual approach for initiation of etelcalcetide, PTH \>600 pg/mL

  ------------- ------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- --------------------------------------------------------
  **Calcium**   **High**                                                                                                                                    Initiate etelcalcetide while adjusting doses of 1,25D and other sources of calcium                   Initiate etelcalcetide and adjust 1,25D dose as needed

  **Normal**    Options:\                                                                                                                                   Initiate etelcalcetide[a](#tfn1-ijnrd-11-069){ref-type="table-fn"} and adjust 1,25D dose as needed   
                1. Increase 1,25D dose; if hyperphosphatemia results, reduce dose and initiate etelcalcetide[a](#tfn1-ijnrd-11-069){ref-type="table-fn"}\                                                                                                        
                2. Initiate etelcalcetide if on high-dose 1,25D[a](#tfn1-ijnrd-11-069){ref-type="table-fn"}                                                                                                                                                      

  **Low**       Avoid initiation of etelcalcetide                                                                                                                                                                                                                

                **Normal**                                                                                                                                  **High**                                                                                             

                **Phosphorus**                                                                                                                                                                                                                                   
  ------------- ------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- --------------------------------------------------------

**Notes:**

Monitor very closely for occurrence of hypocalcemia; if it develops, consider 1) increasing dialysate bath calcium concentration; 2) changing from calcium-containing to non-calcium-containing oral phosphorus binders; and 3) prescribing other calcium supplementation. 1,25D is calcitriol.

**Abbreviation:** PTH, parathyroid hormone.

###### 

Proposed conceptual approach for initiation of etelcalcetide, PTH ≈300--600 pg/mL

  ------------- ----------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- --------------------------------------------------------
  **Calcium**   **High**                                                                                        Initiate etelcalcetide while adjusting doses of 1,25D and other sources of calcium                               Initiate etelcalcetide and adjust 1,25D dose as needed
  **Normal**    Initiate etelcalcetide only if on high-dose 1,25D[a](#tfn3-ijnrd-11-069){ref-type="table-fn"}   Reduce 1,25D dose if possible; initiate etelcalcetide if PTH rises[a](#tfn3-ijnrd-11-069){ref-type="table-fn"}   
  **Low**       Avoid initiation of etelcalcetide                                                                                                                                                                                
                **Normal**                                                                                      **High**                                                                                                         
                **Phosphorus**                                                                                                                                                                                                   
  ------------- ----------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- --------------------------------------------------------

**Notes:**

Monitor very closely for occurrence of hypocalcemia; if it develops, consider 1) increasing dialysate bath calcium concentration; 2) changing from calcium-containing to non-calcium-containing oral phosphorus binders; and 3) prescribing other calcium supplementation. 1,25D is calcitriol.

**Abbreviation:** PTH, parathyroid hormone.
